1. Introduction {#sec1-jcm-09-02412}
===============

Approximately 2% of the population is extremely bothered by tinnitus \[[@B1-jcm-09-02412]\], showing an increased risk in suicide attempts \[[@B2-jcm-09-02412],[@B3-jcm-09-02412]\] and seeking medical support. Patients with severe tinnitus often present themselves with anxiety, depression and stress \[[@B4-jcm-09-02412],[@B5-jcm-09-02412],[@B6-jcm-09-02412],[@B7-jcm-09-02412],[@B8-jcm-09-02412]\], thus largely affecting life quality. There are no effective treatments \[[@B9-jcm-09-02412],[@B10-jcm-09-02412],[@B11-jcm-09-02412]\], and health care costs are substantial \[[@B12-jcm-09-02412],[@B13-jcm-09-02412]\].

The reduced tolerance to general everyday sounds is also known as hyperacusis, in which the sounds are uncomfortably loud or painful, ultimately impairing social, occupational and recreational activities \[[@B14-jcm-09-02412]\]. Experienced by nearly 9% of the population, hyperacusis is more prevalent in people with Williams Syndrome or autism spectrum disorders \[[@B15-jcm-09-02412]\]. Hyperacusis can also be seen in disorders of perception involving the visual and somatosensory functions with higher light sensitivity, headaches and lower pain thresholds in persons with chronic pain \[[@B16-jcm-09-02412]\]. Interestingly, about 90% of people with hyperacusis report concurrent tinnitus, suggesting a strong relationship \[[@B17-jcm-09-02412]\]. While a number of studies investigate the relationship between hyperacusis and tinnitus \[[@B18-jcm-09-02412]\], estimates of the association between tinnitus and hyperacusis in humans is lacking and remains a major research question \[[@B19-jcm-09-02412]\].

Recent studies suggest that tinnitus could emerge as a failure to adapt to missing sensory information from the ear \[[@B20-jcm-09-02412]\]. This loss of sensory input leads to an enhancement of the auditory stimuli in the auditory central system, also known as central neural gain. This condition is characterized by altered tuning bandwidths, increased spontaneous and synchronous neural activity, which may contribute not only to tinnitus, but also to hyperacusis \[[@B21-jcm-09-02412]\]. It has, however, been very difficult to distinguish the neural correlates of tinnitus from those of hyperacusis, in both animal and human studies. In a model of salicylate, in which rats displayed behavioral evidence of both tinnitus and hyperacusis, the auditory network was found to be coupled to the cerebellum, the amygdala and the reticular formation, as evidenced with resting-state functional magnetic resonance imaging (fMRI) \[[@B22-jcm-09-02412]\]. Similar findings were found in humans with tinnitus, but in those studies, hyperacusis was either low or being excluded at recruitment \[[@B23-jcm-09-02412],[@B24-jcm-09-02412]\]. Hyperacusis has been correlated with greater sound-evoked activity in the inferior colliculus (IC), the medial geniculate body (MGB), and the auditory cortex (AC). In a model of active loudness, it has been proposed that hyperacusis results from increased non-linear gain, whereas tinnitus results from central noise independent of gain \[[@B25-jcm-09-02412]\].

Here, we investigate the association between tinnitus and hyperacusis using data from the Swedish Tinnitus Outreach Project and further analyze the phenotypic traits related to tinnitus with accompanying hyperacusis.

2. Experimental Section {#sec2-jcm-09-02412}
=======================

2.1. Design and Ethics {#sec2dot1-jcm-09-02412}
----------------------

The initial step of this study is an exploratory analysis to determine the association between hyperacusis and tinnitus. This was performed on individuals with or without tinnitus from the Swedish Tinnitus Outreach Project (STOP) who answered to the European School for Interdisciplinary Tinnitus Research Screening Questionnaire (ESIT-SQ). The following step of this work focused only on tinnitus participants with or without hyperacusis in view of characterizing their phenotype. The STOP dataset, participant recruitment via LifeGene \[[@B26-jcm-09-02412]\] and acquisition of consent has been reported previously. Briefly, participants are adults (18 years of age and above) who provided written consent for handling their personal data. The project was approved by the Regional Ethics Review Board in Stockholm (2015/2129-31/1).

2.2. Association Study {#sec2dot2-jcm-09-02412}
----------------------

The ESIT-SQ is a self-report assessment of variables including known or potential risk factors for tinnitus that can be answered by people with or without tinnitus \[[@B27-jcm-09-02412]\]. Question A17 was used to define tinnitus: "Tinnitus refers to the perception of noise in your head or ears (such as ringing or buzzing) in the absence of any corresponding source of sound external to your head. Over the past year, have you had tinnitus in your head or in one or both ears that lasts for more than five minutes at a time?" with answer options being: "do not know", "no never", "no, not in the past year", "yes, some of the time", "yes a lot of time", "yes most of the time". Those answering "don't know" or "no, not in the past year" were excluded from the analysis. To define hyperacusis in the association study, question A12 was used and stated: "Over the last week, have external sounds been a problem, being too loud or uncomfortable for you when they seemed normal to others around you?" with answer options being: "no, not a problem", "yes, a small problem", "yes, a moderate problem", "yes, a big problem", "yes, a very big problem". Those answering "don't know" were excluded from the analysis. Question A13 was used to define hearing ability: "Do you currently have any other difficulty with your hearing, such as listening to speech in a noisy situation?" with answers "yes, cannot hear at all", "yes, severe difficulty", "yes, moderate difficulty", "yes, a slight difficulty", "no difficulty". Those answering "do not know" were excluded. In the Stockholm County, a score ≥ 58 of the Tinnitus Handicap Inventory (THI) is the cut-off for referral to specialty care \[[@B28-jcm-09-02412]\]. We thus used this to infer these participants had high enough severity for referral and subsequent medical diagnosis. Level of education of study participants was categorized in low (no school, primary, lower secondary or upper secondary school) and high (university or higher degree). For the association study, we included 1984 tinnitus cases and 1661 participants without tinnitus from the STOP project.

2.3. Tinnitus Phenotyping Study {#sec2dot3-jcm-09-02412}
-------------------------------

This part includes all tinnitus participants that answered the ESIT-SQ (n = 1984) and an additional 448 participants with tinnitus that answered a Swedish-validated online survey described elsewhere \[[@B29-jcm-09-02412]\]. Tinnitus was defined as: "Do you have tinnitus?" with the following answers: "do not know", "no", "yes, occasionally (now and then)", "yes, always (all the time)". All of those with occasional and constant tinnitus were included in this analysis, representing the "any tinnitus" group. The on-line survey included the Tinnitus Sample Case History Questionnaire (TSCHQ) used for the phenotypic characterization of tinnitus patients \[[@B30-jcm-09-02412]\]. Here, question \#29 "Do sounds cause you pain or physical discomfort?" was used to define hyperacusis in the phenotyping study, as reported by Schecklemann et al. \[[@B31-jcm-09-02412]\]. Possible answers were: "yes", "no", "don't know". The intra-class coherent coefficient in a test-retest for the Swedish adaptation of this question is 0.46 (good) \[[@B29-jcm-09-02412]\]. The remaining part of the survey included the Tinnitus Handicap Inventory (THI, Cronbach's alpha = 0.93) \[[@B32-jcm-09-02412],[@B33-jcm-09-02412]\], the Tinnitus Functional Index (TFI, α = 0.97) \[[@B34-jcm-09-02412],[@B35-jcm-09-02412]\], the Fear of Tinnitus Questionnaire (FTQ, α = 0.71) \[[@B36-jcm-09-02412]\], the Tinnitus Catastrophizing Scale (TCS, α = 0.93) \[[@B36-jcm-09-02412]\], the Hyperacusis Questionnaire (HQ, α = 0.90) \[[@B37-jcm-09-02412],[@B38-jcm-09-02412]\], the Perceived Stress Questionnaire (PSQ, α = 0.94) \[[@B39-jcm-09-02412]\], the Hospital Anxiety Depression Scales for Anxiety (HADS A, α = 0.85) \[[@B40-jcm-09-02412]\] and depression (HADS D, α = 0.83) \[[@B40-jcm-09-02412]\], and the World Health Organization's Quality of Life (WHOQoL)-BREF \[[@B41-jcm-09-02412]\] was used to determine physical health (α = 0.84), Psychological (α = 0.84), social relationships (α = 0.69), and environment (α = 0.78). The Cronbach's alpha associated with each questionnaire represents the score of the Swedish adaptation \[[@B29-jcm-09-02412]\]. Numerical Rating Scales (NRS) for from the TSCHQ (questions 12, 16, and 17) allowed us to determine tinnitus loudness, awareness and annoyance.

2.4. Statistical Analysis {#sec2dot4-jcm-09-02412}
-------------------------

In the association study, the odds ratios (ORs) and correspondence 95% confidence intervals (CIs) for tinnitus were determined using unconditional multiple logistic regression models using sex, age, educational level and hearing ability for adjustment. Logistic regressions were performed in SAS 9.4 (SAS Institute, Cary, NC, USA).

Regarding the tinnitus phenotyping study, the methods has been described before \[[@B42-jcm-09-02412]\]. Sociodemographic data was obtained using questions from Svensson et al. \[[@B43-jcm-09-02412]\]. For nominal variables, Pearson's Chi-squared test was used. The non-parametric Wilcoxon's test was used for all other comparisons. Correction for multiple comparisons was performed using Benjamini and Hochberg test. All statistical analyses were performed in JMP 13 (SAS Institute Inc.) and R (R Core Team, 2019).

3. Results {#sec3-jcm-09-02412}
==========

3.1. Association Study {#sec3dot1-jcm-09-02412}
----------------------

We first performed an exploration study in the Swedish Tinnitus Outreach Project (STOP) where we identified 1984 participants with tinnitus (950 \[47.9%\] male; mean \[SD\] age, 47.7 \[14.0\] years) and 1661 without tinnitus (563 \[33.9%\] male; mean \[SD\] age, 45.1 \[12.9\] years). [Table 1](#jcm-09-02412-t001){ref-type="table"} shows the basic characteristics of participants without tinnitus, with any tinnitus, with self-reported severe tinnitus, or severe tinnitus based on the THI score (≥58). This cut-off score is used in the Region Stockholm as a criterion for referral for specialty care and used here as a proxy for clinically significant tinnitus \[[@B28-jcm-09-02412]\]. [Table 1](#jcm-09-02412-t001){ref-type="table"} displays prevalence of different age groups, sex, distribution of educational attainment and hearing ability. Prevalence of higher education decreased with increasing severity from 82.4% in the never tinnitus group down to 58.6% in the severe tinnitus group, and so was the prevalence of severe hearing abilities (3.4% in the never tinnitus group, up to 46.8% in the THI ≥ 58 group).

[Table 2](#jcm-09-02412-t002){ref-type="table"} shows the odds ratios for any, severe tinnitus and THI ≥ 58 according to the same variables as above. For the any tinnitus group, the ORs were 3.51 (95% CI, 3.00--4.11) for moderate difficulty in hearing ability, and 13.5 (95% CI, 9.81--18.5) for severe difficulties. The ORs increased to 5.83 (95% CI, 3.59--9.45) for moderate and 69.4 (39.2--122.8) for severe hearing abilities in the THI ≥ 58 group. Regarding hyperacusis, the ORs were 3.24 (95% CI, 2.75--3.82) for moderate hyperacusis and 9.54 (95% CI, 5.75--15.8) for severe hyperacusis in the any tinnitus group ([Table 3](#jcm-09-02412-t003){ref-type="table"}). In the self-reported severe tinnitus group, ORs were 5.18 (95% CI, 3.47--7.73) for moderate hyperacusis, and 48.0 (95% CI, 24.7--93.1) for severe hyperacusis. Finally, in the THI ≥ 58 group, the ORs rose to 8.15 (95% CI, 4.68--14.2) and 77.4 (95% CI, 35.0--171.3) in the moderate and severe hyperacusis group, respectively. Severe hyperacusis was found rare in the never tinnitus group (1.1%), but increased to high proportions in the THI ≥ 58 group (41.4%) ([Table 3](#jcm-09-02412-t003){ref-type="table"}). Stratification by sex did not reveal any sex differences, as the ORs for each tinnitus group were similar between men and women ([Table 3](#jcm-09-02412-t003){ref-type="table"} and [Table S1](#app1-jcm-09-02412){ref-type="app"}). Overall, these results support a strong association between hyperacusis and tinnitus, even more so when tinnitus is severe.

3.2. Tinnitus Phenotyping Study {#sec3dot2-jcm-09-02412}
-------------------------------

Next, we performed a phenotypic analysis on a larger set of tinnitus participants with (*n* = 1388) or without (*n* = 1044) hyperacusis. Participants with any tinnitus and co-morbid with hyperacusis represented 57% of the total tinnitus sample, increasing to 80% with severe tinnitus ([Table S2](#app1-jcm-09-02412){ref-type="app"}). The proportion of women increased in the any tinnitus group with hyperacusis (*p* ≤ 0.0001), but this bias was not found with increasing tinnitus severity ([Table S2](#app1-jcm-09-02412){ref-type="app"}). Logistic regression analyses in [Table 3](#jcm-09-02412-t003){ref-type="table"} however show that this is due to greater prevalence of hyperacusis in women without tinnitus, yielding similar ORs between males and females (OR~men~: 3.34, 95% CI, 2.54--4.39; OR~women~: 3.62, 95% CI, 2.95--4.42; [Table 3](#jcm-09-02412-t003){ref-type="table"}).

With the exception of age, all sociodemographic parameters assessed (i.e., marital status, gross income, education level and employment), were found different between any tinnitus groups with or without hyperacusis. However, as tinnitus increased in severity, none of these variables differed between the two groups. Similarly, when assessing the global impact of tinnitus on tinnitus-related burden using a large set of questionnaires \[[@B8-jcm-09-02412],[@B29-jcm-09-02412]\], all aspects related to stress, anxiety, depression, quality of life, tinnitus distress, loudness, annoyance and awareness were found worse in participants with any tinnitus in presence of hyperacusis (*p* ≤ 0.0001 for all questionnaire scores, [Table S3](#app1-jcm-09-02412){ref-type="app"}). When assessing severe tinnitus, none of these differed between the groups and only the score from the hyperacusis questionnaire (HQ) was found greater in those self-reporting hyperacusis. These findings are consistent with the reporting of tinnitus being worsened by loud noise or in problems tolerating sounds in participants with hyperacusis, regardless of severity ([Tables S4 and S5](#app1-jcm-09-02412){ref-type="app"}). However, while many aspects of tinnitus differed between any tinnitus participants with or without hyperacusis (e.g., tinnitus onset, onset related events, tinnitus occurrence, time of day of tinnitus emergence, onset of tinnitus, pulsatility, sound of tinnitus, reduction by sounds, somatosensory influences on tinnitus, impact by sleep, stress or medication, the occurrence in the family and/or contacting a clinician and the number of treatments sought), these did not differ in severe tinnitus. The same was found for auditory aspects (e.g., hearing problems and/or use of hearing aids) and other comorbidities (e.g., headache, temporomandibular joint problems, vertigo, neck pain and/or other pain syndromes), where differences occurred in the any tinnitus group, but not in severe tinnitus. These findings overall suggest that hyperacusis does not contribute to greater tinnitus burden when tinnitus is severe.

4. Discussion {#sec4-jcm-09-02412}
=============

Our findings reveal a strong association between tinnitus and hyperacusis. This association peaked when both tinnitus and hyperacusis were perceived as severe, reaching an OR of 77.4 (95% CI, 35.0--171.3) in a fully adjusted model. This tight relationship was also confirmed by the high prevalence of hyperacusis in participants with severe tinnitus (80%). Severely impaired hearing ability, which here relates to the difficulty to understand speech in a noisy environment (a proxy of retrocochlear damage), is strongly associated with severe tinnitus, as evidenced with an OR of 137.6 (95% CI, 62.8--301.2). In the absence of adjustment of this factor in the regression model, the association between severe hyperacusis and severe tinnitus reaches 251.7 (95% CI, 120.4--526.6), demonstrating the important confounding effect of hearing ability in both severe tinnitus and hyperacusis. Indeed, in line with previous research \[[@B44-jcm-09-02412]\], hearing disability was strongly related in our dataset, not only with severe tinnitus, but also with severe hyperacusis (OR, 102.3; 95% CI, 56.9--184.2). This relationship with hearing ability is such that once included in the model, multivariable ORs (adjusted for sex, age, level of education and hearing ability) were found below unity with increasing age. In contrast, crude ORs (without any adjustment) reflect the higher percentage of tinnitus among older compared to younger subjects, with ORs above the unity for subjects aged ≥55 compared to those aged \<35. How the audiometric profile impacts on the severity of both tinnitus or hyperacusis would require further investigation; nonetheless, our study outlines a link between hyperacusis and tinnitus that will be influential: as hyperacusis is still less well recognized than tinnitus, despite the fact that these go almost hand in hand as severity increases, our work emphasizes the important need for research programs on both tinnitus and hyperacusis. The direction of this relationship (whether hyperacusis leads to tinnitus, or tinnitus leads to hyperacusis) remains however to be investigated.

Participants with severe tinnitus and severe hyperacusis are characterized by a greater proportion of blast exposure, bilateral tinnitus and familial history of tinnitus, which could help defining a clinical profile for patients with both conditions. Since genetics contribute in the familial transmission of bilateral and severe tinnitus in twins and adoptees \[[@B45-jcm-09-02412],[@B46-jcm-09-02412]\], it is possible that hyperacusis is also influenced by genetic factors. Recent studies in mice suggest that hyperacusis may be related to a form of pain and/or damage sensing mechanism \[[@B47-jcm-09-02412],[@B48-jcm-09-02412]\]. The similarity in brain signatures between chronic pain and tinnitus (and/or hyperacusis) emphasizes the need of investigating the genetic overlap between tinnitus and pain. Furthermore, as recent incentives to biobank tinnitus may lead to interesting mechanistical insights into the pathophysiology of tinnitus \[[@B49-jcm-09-02412],[@B50-jcm-09-02412]\], it will be critical to include information on hyperacusis and its severity. Notably, while the phenotyping study refers to hyperacusis as pain like symptoms, the association study employs another definition of hyperacusis as reduced sound tolerance. These two definitions may consist in two distinct or overlapping categories of hyperacusis. The framework proposed by Tyler et al. (2014) of tinnitus characterized by pain, annoyance, loudness or pain reports the various attributes of hyperacusis that are described by patients \[[@B51-jcm-09-02412]\]. These categories have not been empirically validated as yet, and the extent to which there is a consensus that support this proposal is unknown. Thus, subtyping of hyperacusis remains speculative.

In a study from Schecklmann et al., based on data from the Tinnitus Research Initiative (TRI) database, tinnitus patients with hyperacusis were found younger, displayed higher mental and general distress related to tinnitus, and reported pain disorders and vertigo more frequently than those without hyperacusis \[[@B31-jcm-09-02412]\]. Participants with tinnitus and hyperacusis could more often remark that external noise influenced their tinnitus, which could also more frequently be modulated by head and neck movements \[[@B31-jcm-09-02412]\]. Furthermore, these participants reported their subjective hearing function as being worse than those without hyperacusis. While these factors were also found different in the presence or absence of hyperacusis in the any tinnitus group, none were impacted by hyperacusis in the severe group. This may be due to the fact that the sample size of our severe tinnitus group was smaller than the group used in the TRI (*n* = 1713), or that the THI ≥ 58 group from the STOP study was much more severe than that of the TRI (THI range; TRI: 41.9--53.6 vs. STOP: 72--73.6). However, in spite of the small sample size of our THI ≥ 58 group, we have previously reported differences in somatosensory modulations in these participants with or without temporomandibular joint (TMJ) complaints or headache \[[@B42-jcm-09-02412],[@B52-jcm-09-02412]\], which we could not reveal here being influenced by hyperacusis. It thus appears from this study on hyperacusis and our previous reports on TMJ and headache, that with greater tinnitus severity, fewer differences are found with or without the co-morbidities.

Our study suggests that estimates of an association between tinnitus and another condition may be strongly underestimated when working with a broad definition of tinnitus such as the "any" tinnitus presented here, encompassing occasional and constant forms, various levels of severity and duration. Instead, the severe tinnitus group, in which prevalence is close to that of the clinically relevant tinnitus, may represent the appropriate (and more homogenous) target group to focus research efforts on whether in cross-sectional, longitudinal or case/control studies. A limitation originating from this is the low prevalence of severe tinnitus, thus requiring large datasets to compute risks. In addition, given the growing importance of studying the impacts of sex on disease, stratified analyses will reduce the power of such studies, more so when considering subtypes. For instance, only one man without tinnitus reported severe hyperacusis leading to large confidence intervals. Thus, depending on the research question, datasets 10 to 100 times bigger than STOP may offer the possibility of addressing the epidemiology of severe tinnitus.

The inclusion of non-tinnitus controls is also an important contribution from our dataset. Without this group, one would believe that there is an increased risk for hyperacusis in women with tinnitus, whereas the inclusion of non-tinnitus controls shows this increased prevalence of hyperacusis in women already persists in absence of tinnitus, ultimately leading to equal ORs for tinnitus in men and women when having hyperacusis. Since temporomandibular joint disorders and headaches follow a similar pattern, it is possible that these co-morbidities do not contribute to sex differences in the burden associated with tinnitus.

Assuming the severe tinnitus group is the most relevant group to focus tinnitus research on, we may use it to identify co-morbidities shared or distinct between individuals with hyperacusis, headache or TMJ problems. Unlike the previous studies using data from the TRI, where tinnitus with hyperacusis was found comorbid with vertigo, neck pain and TMJ \[[@B31-jcm-09-02412]\], similar to tinnitus with headaches \[[@B53-jcm-09-02412]\], our data indicates that this is not the case ([Figure 1](#jcm-09-02412-f001){ref-type="fig"}). Our results instead suggest that the general assumption that hyperacusis and headaches share similar somatosensory components is wrong. However, the somatosensory components may be common to tinnitus with TMJ complaints or headaches, both of which share neck pain and an impact on psychological quality of life. Hyperacusis, however, stands out with greater sensitivity and worsening of tinnitus by loud noises, something which is not seen in tinnitus with headaches or TMJ complains. Thus, we propose that while tinnitus with TMJ or headaches may share common mechanisms, hyperacusis is distinct, and shows no links to such somatosensory components (neck pain, vertigo and TMJ complains). The additive or synergistic contributions to tinnitus severity by hyperacusis and TMJ/headache remain to be investigated.

4.1. Implications for Diagnosis and Treatment {#sec4dot1-jcm-09-02412}
---------------------------------------------

The combined occurrence of tinnitus and hyperacusis, particularly evident when both are severe, has some important implications for diagnosis and treatment \[[@B54-jcm-09-02412]\]. The assessment of both tinnitus and hyperacusis is essential in this population. However, some potential measurements for assessment may be off-limits due to their loud nature (e.g., (f)MRI, auditory brainstem responses, mismatch negativity or gap pre-pulse inhibition of startle response) \[[@B55-jcm-09-02412],[@B56-jcm-09-02412],[@B57-jcm-09-02412]\]. The potential use of hearing aids to reduce the starkness of tinnitus may be restricted by the presence of hyperacusis. Both tinnitus and hyperacusis may be accompanied by anxiety and distress, and these emotional aspects may be compounded by the presence of both symptoms. The determination from the patient of which symptom arose first, and which is their prime complaint could be used in the formulation of a treatment plan. From our data, the benefits of somatosensory \[[@B58-jcm-09-02412]\] or combined auditory-somatosensory \[[@B59-jcm-09-02412]\] treatments would appear to be limited in patients with severe tinnitus and hyperacusis in combination, which further highlights the importance of monitoring the two.

4.2. Limitations {#sec4dot2-jcm-09-02412}
----------------

First, sample size significantly reduces as both the severity of tinnitus and hyperacusis increase. This could cause bias in the estimates, as for instance only one individual out of 563 men was found with severe hyperacusis in the non-tinnitus group. Thus, larger studies will be required to confirm the strong association between severe tinnitus and severe hyperacusis. Second, both tinnitus and hyperacusis were assessed at one single sample point and therefore the direction of the association remains to be determined. Finally, this study was based on the recruiting of participants from LifeGene, which may pre-empt its generalization to the general population.

5. Conclusions {#sec5-jcm-09-02412}
==============

The present study suggests that hyperacusis is strongly associated with tinnitus, and that this relationship increases with severity. Longitudinal studies will help in determining the direction of this association. Unlike in the cases of co-morbid headaches or temporomandibular joint disorders, severe tinnitus with hyperacusis is not accompanied with neck or other pain syndromes, or vertigo and suggests the lack of involvement of trigeminal nerve dysfunctions in the pathophysiology of tinnitus with hyperacusis. Future studies investigating the additive or synergistic interactions of headache and hyperacusis into the severity of tinnitus may provide additional insights into the multifactorial contribution to tinnitus burden.
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###### 

Distribution of 1661 participants without tinnitus and 1984 participants with tinnitus ^a^ (157 with a severe tinnitus measured by THI, and 239 with a self-reported severe tinnitus), according to sex, age, level of education, and hearing ability. Sweden, 2016--2018.

                          No Tinnitus    Participants with Tinnitus                 
  ----------------------- -------------- ---------------------------- ------------- -------------
  Total                   1661 (100.0)   1984 (100.0)                 239 (100.0)   157 (100.0)
                                                                                    
  Sex ^b^                                                                           
  Men                     563 (33.9)     947 (47.8)                   112 (47.1)    71 (45.5)
  Women                   1098 (66.1)    1034 (52.2)                  126 (52.9)    85 (54.5)
  Age group (years) ^b^                                                             
  \<35                    330 (19.9)     362 (18.3)                   43 (18.0)     37 (23.6)
  35--44                  478 (28.8)     437 (22.1)                   43 (18.0)     26 (16.6)
  45--54                  459 (27.7)     530 (26.8)                   57 (23.9)     36 (22.9)
  55--64                  197 (11.9)     306 (15.5)                   53 (22.2)     32 (20.4)
  65--74                  160 (9.6)      274 (13.8)                   30 (12.6)     20 (12.7)
  ≥75                     35 (2.1)       72 (3.6)                     13 (5.4)      6 (3.8)
  Level of education                                                                
  Low                     292 (17.6)     545 (27.5)                   99 (41.4)     73 (46.5)
  High                    1369 (82.4)    1439 (72.5)                  140 (58.6)    84 (53.5)
  Hearing ability ^b^                                                               
  No difficulty           820 (50.1)     362 (18.6)                   21 (8.8)      9 (5.8)
  Moderate difficulty     761 (46.5)     1233 (63.4)                  117 (49.2)    74 (47.4)
  Severe difficulty       55 (3.4)       350 (18.0)                   100 (42.0)    73 (46.8)

THI: Tinnitus Handicap Inventory. ^a^ 337 participants reporting to have had tinnitus only before the last 12 months were excluded. ^b^ The sum does not add up to the total because of some missing values.
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###### 

Odds ratios (OR) ^a^ for any tinnitus, severe tinnitus (THI ≥ 58), and self-reported severe tinnitus, and corresponding 95% confidence intervals (CI), according to sex, age, level of education, and hearing ability. Sweden, 2016--2018.

  ---------------------------------------------------------------------------------------------------------
                        Any Tinnitus            Severe Tinnitus (Self-Reported)   Severe Tinnitus\
                                                                                  (THI ≥ 58)
  --------------------- ----------------------- --------------------------------- -------------------------
  Sex                                                                             

  Men                   Reference               Reference                         Reference

  Women                 **0.55 (0.48--0.64)**   **0.54 (0.39--0.75)**             **0.59 (0.40--0.88)**

  Age group (years)                                                               

  \<35                  Reference               Reference                         Reference

  35--44                **0.80 (0.64--0.99)**   **0.51 (0.30--0.84)**             **0.30 (0.16--0.56)**

  45--54                0.84 (0.67--1.04)       **0.55 (0.34--0.89)**             **0.41 (0.23--0.72)**

  55--64                1.05 (0.81--1.36)       **0.82 (0.48--1.40)**             **0.50 (0.26--0.95)**

  65--74                1.12 (0.86--1.47)       **0.65 (0.36--1.18)**             **0.46 (0.23--0.93)**

  ≥75                   0.98 (0.61--1.58)       **0.69 (0.28--1.68)**             **0.24 (0.08--0.79)**

  p for trend           0.153                                                     0.064

  Level of education                                                              

  Low                   Reference               Reference                         Reference

  High                  **0.68 (0.57--0.81)**   **0.33 (0.23--0.47)**             **0.24 (0.16--0.37)**

  Hearing ability                                                                 

  No difficulty         Reference               Reference                         Reference

  Moderate difficulty   **3.51 (3.00--4.11)**   **5.83 (3.59--9.45)**             **8.76 (4.31--17.8)**

  Severe difficulty     **13.5 (9.81--18.5)**   **69.4 (39.2--122.8)**            **137.6 (62.8--301.2)**
  ---------------------------------------------------------------------------------------------------------

THI: Tinnitus Handicap Inventory. ^a^ ORs were estimated using unconditional multiple logistic regression models after adjustment for sex (men or women), age (\<35, 35--44, 45--54, 55--64, 65--74, or ≥75 years), level of education (low or high), and hearing ability (yes, cannot hear at all; yes, severe difficulty; yes, moderate difficulty; yes, a slight difficulty; no difficulty). Estimates in bold are statistically significant at 0.05 level.
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###### 

Odds ratios (OR)^a^ for any tinnitus, severe tinnitus (THI ≥ 58), and self-reported severe tinnitus, and corresponding 95% confidence intervals (CI), according to hyperacusis. Sweden, 2016--2018.

  --------------------------------------------------------------------------------------------------------------------------------------
                No Tinnitus    Any Tinnitus   Severe Tinnitus\    Severe Tinnitus\                                   
                                              (Self-Reported)     (THI ≥ 58)                                         
  ------------- -------------- -------------- ------------------- ------------------ ------------------ ------------ -------------------
  Both sexes                                                                                                         

  Total         1661 (100.0)   1984 (100.0)   \-                  239\               \-                 157\         \-
                                                                  (100.0)                               (100.0)      

  Hyperacusis                                                                                                        

  No            1255 (75.6)    822 (41.4)     Reference           51 (21.3)          Reference          21 (13.4)    Reference

  Yes           406 (24.4)     1162 (58.6)    **3.51**\           188 (78.7)         **7.43**\          136 (86.6)   **12.1**\
                                              **(2.99--4.13)**                       **(5.06--10.9)**                **(7.06--20.6)**

  Moderate      387 (23.3)     970 (48.9)     **3.24**\           105 (43.9)         **5.18**\          71 (45.2)    **8.15**\
                                              **(2.75--3.82)**                       **(3.47--7.73)**                **(4.68--14.2)**

  Severe        19 (1.1)       192 (9.7)      **9.54**\           83 (34.7)          **48.0**\          65 (41.4)    **77.4**\
                                              **(5.75--15.8)**                       **(24.7--93.3)**                **(35.0--171.3)**

  Males                                                                                                              

  Total         563 (100.0)    947 (100.0)    \-                  112 (100.0)        \-                 71 (100.0)   \-

  Hyperacusis                                                                                                        

  No            463 (82.2)     467 (49.3)     Reference           31 (27.7)          Reference          13 (18.3)    Reference

  Yes           100 (17.8)     480 (50.7)     **3.34**\           81 (72.3)          **6.88**\          58 (81.7)    **10.6**\
                                              **(2.54--4.39)**                       **(4.03--11.7)**                **(5.15--22.0)**

  Moderate      99 (17.6)      412 (43.5)     **3.03**\           44 (39.3)          **4.23**\          34 (47.9)    **7.26**\
                                              **(2--30--3.99)**                      **(2.38--7.51)**                **(3.40--15.5)**

  Severe        1 (0.2)        68 (7.2)       **37.0**\           37 (33.0)          **283.8**\         24 (33.8)    **346.0**\
                                              **(5.03--271.4)**                      **(35.1--\>\>)**                **(35.6--\>\>)**

  Females                                                                                                            

  Total         1098 (100.0)   1034 (100.0)   \-                  126 (100.0)        \-                 85 (100.0)   \-

  Hyperacusis                                                                                                        

  No            792 (72.1)     355 (34.3)     Reference           20 (15.9)          Reference          8 (9.4)      Reference

  Yes           306 (27.9)     679 (65.7)     **3.62**\           106 (84.1)         **7.82**\          77 (90.6)    **15.3**\
                                              **(2.95--4.42)**                       **(4.44--13.8)**                **(6.49--35.8)**

  Moderate      288 (26.2)     556 (53.8)     **3.37**\           61 (48.4)          **5.88**\          37 (43.5)    **9.79**\
                                              **(2.74--4.14)**                       **(3.29--10.5)**                **(4.11--23.3)**

  Severe        18 (1.6)       123 (11.9)     **7.69**\           45 (35.7)          **31.6**\          40 (47.1)    **71.1**\
                                              **(4.47--13.3)**                       **(13.7--72.9)**                **(24.7--204.9)**
  --------------------------------------------------------------------------------------------------------------------------------------

THI: Tinnitus Handicap Inventory. ^a^ ORs were estimated using unconditional multiple logistic regression models after adjustment for sex (men or women), age (\<35, 35--44, 45--54, 55--64, 65--74, or ≥75 years), level of education (low or high), and hearing ability (yes, cannot hear at all; yes, severe difficulty; yes, moderate difficulty; yes, a slight difficulty; no difficulty). Estimates in bold are statistically significant at 0.05 level. \>\> refers to values above 999.
